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Increased glomerular filtration rate as a predictor of diabetic nephrop-
athy—.An 8-year prospective study. The objective was to study the
natural history and the predictive value of glomerular filtration rate,
albumin excretion rate, blood pressure, and hemoglobin A1 for diabetic
nephropathy. A cohort of 75 type-I diabetic adolescents with a diabetes
duration of 8 years was studied. Thirty-one females, 33 males, mean age
16.9 0.3 (sEM) participated in the follow-up study. Glomerular
filtration rate, albumin excretion rate, blood pressure, and hemoglobin
A1 were measured every second year during 8 years to determine the
predictive value of glomerular filtration rate for future nephropathy.
Initial differences and patterns of changes in glomerular filtration rate,
albumin excretion rate, and hemoglobin A1 were examined in patients
who did (group 1) and did not (group 2) develop incipient or overt
nephropathy. Five of 64 patients developed Overt nephropathy. They
had an initial glomerular filtration rate of> 125 mi/min/! .73 m2. Fifteen
of 53 initially normoalbuminuric patients developed incipient and three
of 53 overt nephropathy. Age, age at onset, diabetes duration, initial
albumin excretion rate, initial blood pressure, and hemoglobin were
similar in groups I and 2. Glomerular filtration rate was initially higher
in group 1 than in group 2 (P = 0.01). The positive predictive value for
combined incipient and overt nephropathy of an initial glomerular
filtration rate > 125 mI/mm was 53%. The negative predictive value of
glomerular filtration rate < 125 mI/mm was 95%. In initially normoal-
buminuric patients multiple regression revealed initial glomerular filtra-
tion rate as the only significant independent predictor for nephropathy
when also corrected for hemoglobin A1 (P = 0.04). Albumin excretion
rate increased after 6 years (mean diabetes duration 18 years) in group
I as compared to initial levels (P = 0.004). Only systolic blood pressure
tended to increase after 8 years. Until then it was the same in groups 1
and 2 (P 0.04). We conclude that increased glomerular filtration rate
predicts nephropathy independently of metabolic control also in nor-
moalbuminuric diabetic patients. Increased albumin excretion rate
precedes the rise in blood pressure in the development of nephropathy.
Thirty to 40% of patients with insulin-dependent diabetes are
at risk of developing diabetic nephropathy [1—3]. The maximal
incidence is found after 15 to 20 years of duration [2—4]. The
prevalence of overt proteinuria is low during the first 10 years of
diabetes [1, 3, 5—8]. Low age at onset of diabetes has been
reported to be associated with an increased risk of future
proteinuria [2]. The only individual parameter that can identify
diabetic patients with high risk of renal failure so far is in-
creased microalbuminuria. At this stage when incipient
nephropathy is present (that is, a persistent albumin excretion
rate between 20 and 200 j.g/min) renal damage is likely already
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to have started. The finding of an elevated glomerular filtration
rate in at least 25% of patients [9], already seen during the first
couple of years after onset of diabetes [10, 11], could imply that
hyperfiltration takes a part in the pathogenetic process leading
to diabetic nephropathy. Experimental studies in diabetic rats
support this assumption [12, 13]. Furthermore, two retrospec-
tive studies in adult insulin-dependent diabetic patients indi-
cated that glomerular filtration rate is a predictor of diabetic
nephropathy [14, 15]. In these studies, however, long-term
metabolic control was not taken into account.
Available data suggest that hyperglycemia plays a role in the
development of nephropathy [1, 16]. Glomerular hyperfiltration
may also be influenced by the prevailing metabolic control, at
least in patients with a short duration of diabetes [17]. Meta-
bolic control should therefore be standardized when consider-
ing glomerular hyperfiltration as a risk factor for diabetic
nephropathy.
Elevated arterial pressure is also shown to promote the renal
damage in diabetes [14]. Whether an increase in blood pressure
is a forerunner or an accompanying factor of renal engagement
is still under debate [18—22],
We have prospectively followed a cohort of young patients
with insulin-dependent diabetes during eight years to: (a) deter-
mine if an increased glomerular filtration rate is a predictor of
diabetic nephropathy, irrespective of the degree of metabolic
control; and (b) study the sequence of events with respect to
microalbuminuria and hypertension.
Methods
This study was approved by the local ethics committee.
Patients
All children and adolescents with insulin-dependent diabetes
attending St. GOran's Children's Hospital in Stockholm in 1979
to 1981 and who had a duration of diabetes of eight years or
more, were studied initially. They were thereafter invited to
prospective follow-up studies every second year during an eight
year period. Seventy-five patients (37 female and 38 male) were
initially examined for albumin excretion rate, glomerular filtra-
tion rate, blood pressure, hemoglobin A1 and blood glucose 90
minutes after breakfast. Sixty-four of these patients (31 girls
and 33 boys) were re-examined after eight years of follow-up.
Clinical features are presented in Table I.
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Table 1. Clinical features of 75 type 1 (insulin-dependent) diabetic patients
Sex
FIM
Age
Age at
onset of
diabetes
Duration of
diabetes
.Albumin
excretion rate
ttg/min
Glornerular
filtration rate
m//min/1.73 m2
Blood pressure
mm Hg
Systolic Diastolic
HbAIC
%years
Participating in
follow-up
Not participating
in follow-up
31/33
4/7
16.9 0.3
(12—22)
17.7 0.8
(14—23)
5.6 0.3
(1.4—13.3)
5.8 1.1
(2.0—14.7)
11.6 0.3
(8.0—17.0)
11.9 0.8
(8.3—14.9)
12
(2—185)
17
(4—38)
135 3
(80—193)
139 8
(94—183)
119 1 75 1
(90—150) (50—95)
124 4 81 3
(110—140) (70—95)
11.8 0.3
(6.6—17.3)
12.7 0.6
(9.4—16.3)
Data are presented as mean SEM (range).
In examination numbers 2, 3 and 4, 40, 49 and 45 patients
participated, respectively. The patients attended St. Göran's
Children's Hospital regularly at the start of the study. During
the follow-up period they were referred to different departments
of internal medicine. All follow-up studies were performed at
the Children's Hospital, except for the glomerular filtration rate
in six patients who had their last examination at their present
clinic, but using the same technique (51Cr-EDTA clearance).
All patients were on s.c. insulin therapy, with initially two
injections daily. During the study period most patients changed
to multiple injections. The mean insulin dose at the start of the
study was 0.90 0.02 (sEM) lU/kg body wt and at follow-up
eight years later 0.83 0.02 lU/kg body wt. Six patients
received antihypertensive treatment at eight years of follow-up.
Four of these had an initial albumin excretion rate > 20 p.g/min.
Blood pressure values from these six patients were excluded
from the analysis at the last examination. At follow-up after
eight years, four patients had asymptomatic bacteruria in one of
three collected urine samples, and these contaminated collec-
tions were excluded when analyzing the albumin excretion rate.
At the start of the study 11 patients had a screening value of
albumin excretion rate of more than 20 g!min. Four of these
were normalized during the study.
Four girls and seven boys of the initially 75 patients were not
re-examined after eight years. One of these patients died due to
the Moya Moya disease, and had no signs of renal impairment
before death. Seven patients were non-responders. Two pa-
tients refused to further participate in the study. One patient
was excluded because of leukemia and impaired renal function
during cytostatic treatment. Another patient was not re-exam-
ined regarding glomerular filtration rate due to physical handi-
cap, but blood pressure levels and urine samples for analysis of
albumin excretion were obtained. All clinical characteristics
presented in Table 1 were statistically similar in patients who
dropped out compared to those who took part in the long-term
follow-up.
Methods
Glomerular filtration rate was measured by a Crom 51EDTA
clearance (2 uCi 5Cr/kg body weight), using two-compartment
analysis. The study was performed between 8:00 and 12:00 a.m.
The normal range in our laboratory is 108 to 125 mI/mm/I .73 m2
[23]. The initial examination, however, was performed using a
single inulin injection technique (normal range 94 to 119 mllmin/
1.73 m2) [23]. The methods are comparable with a high corre-
lation coefficient (r = 0.93, P < 0.001). The line of regression
was: Cr-EDTA = 5.5 + 0.98 x inulin clearance, which could
yield a slight overestimation of the Cr-EDTA values as com-
pared to the initial inulin clearances [23].
Albumin excretion rate was analyzed by a RIA method
(Phadebas, Pharmacia, Uppsala, Sweden). It was initially de-
termined in one 24-hour urine sample collected the day before
the clearance investigation. At follow-up AER was analyzed
both on a 24-hour urine sample and on two to three overnight
urine samples collected within a six month period.
Screening for bacteruria and leucocyturia were performed by
dip slide tests using the Nitur-Test and Ecur 4-Test (Boehering
Mannheim GmbH, Mannheim, Germany).
Blood pressure was measured prior to the clearance study
after 15 minutes of rest in the supine position, using a standard
mercury monometer with an appropriately sized cuff. Diastolic
blood pressure was read at the disappearance of the Korotkoff
sounds.
Hemoglobin A1 was initially analyzed by an isoelectric
focusing technique (LKB Ampholine PAGplate, LKB, Stock-
holm, Sweden), In 1984 the method was changed to high-
pressure liquid chromatography (Auto-A, Kyoto-Daiichi, Ka-
gaku Co, Japan). The correlation coefficient between the
methods is 0.84 in our laboratory (using the equation y = x +
1.5, where y indicates the value using the isoelectric focusing
technique and x the chromatography method). All values have
been corrected to be in accordance with the reference levels of
the latter method.
Blood glucose was initially determined 90 minutes after
breakfast by a glucose oxidase method (Glox, Pharmacia,
Uppsala, Sweden). At the two last examinations glucose was
determined by a glucose dehydrogenase method (Gluc-DH,
Merck, Darmstadt, Germany).
Statistics
The Student's t-test or the Mann-Whitney U-test for un-
matched design were used for comparisons between groups.
The one-way analysis of variance followed by a multiple
comparison procedure with correction for unequal sample sizes
(Tukey's HSD* test) [24] was used to estimate the differences
over time. When comparing results from the first and last
examination only, the paired t-test or the Wilcoxon's matched-
pair sign test were used.
A multiple regression model was performed to evaluate the
predictive value of different parameters for the development of
incipient/overt diabetic nephropathy. When used in the regres-
sion model and in the analysis of variance the albumin excretion
values were log-transformed.
In this study the positive predictive value means the fraction
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Fig. 1. Initial and follow-up levels of urinary albumin excretion rates in
all patients.
of patients that initially had a positive screening value, and eight
years later had developed incipient nephropathy. A negative
predictive value was the fraction of patients who screened
negative and did not develop incipient nephropathy.
Results
After eight years of follow-up, that is, a mean duration of
diabetes of 19.7 0.3 (± suM) years, 20 of 64 patients had
developed incipient nephropathy (albumin excretion rate 20 to
200 g/min in 2/3 urine samples during 6 months) and 5/64 had
overt nephropathy (persistent albumin excretion rate > 200
jig/mm; Fig. 1). The natural course of renal function and blood
pressure changes in the five patients who developed overt
nephropathy is presented in Figure 2. Among the patients with
an initial albumin excretion rate value < 20 jig/mm, 15 of 53
developed incipient nephropathy and 3 to 53 overt nephrop-
athy.
In Figure 3 initial glomerular filtration rate is related to
incipient or overt nephropathy eight years later. All but one
patient who developed incipient nephropathy had an initial
glomerular filtration rate > 125 ml/min/l.73 m2, which is the
upper normal range in our laboratory. On the other hand, 21 to
45 of the patients with initially increased glomerular filtration
rate were still normoalbuminuric after eight years of follow-up,
yielding a positive predictive value of 53% in this group of
patients. Eighteen of 19 patients with initially normal albumin
excretion rate and an initial glomerular filtration rate < 125
mi/mm, were still normoalbuminuric after eight years of follow-
up. This gives a negative predictive value of a glomeular
filtration rate less than 125 mI/mm of 95%. Seventeen of 34
patients with initially normal albumin excretion rate and a
glomerular filtration rate> 125 ml/min/l.73 m2 had incipient or
overt nephropathy eight years later. For this group the positive
predictive value of high glomerular filtration alone was 50% and
the relative risk to develop incipient nephropathy was 9.6.
Initially normoalbuminuric patients who developed incipient
or overt nephropathy compared to those who did not
Age at onset, duration of diabetes, and age at final follow-up
were equal among patients who did (group 1, N = 18) and did
not (group 2, N = 35) develop incipient or overt nephropathy
after eight years (age at onset 6.2 0.4 vs. 5.2 0.4, duration
19.3 0.4 vs. 19.9 0.4, and chronological age 25.5 0.6 vs.
24.7 0.4 years).
Albumin excretion rate. Median value of albumin excretion
rate tended to be higher at the first examination among patients
in group 1 than in group 2, 15 (3 to 20) jig/mm versus 10 (2 to 18)
jig/mm (range), P = 0.08. Levels at all examinations are
presented in Figure 4A. A steep increase was seen after six
years of follow-up, corresponding to a mean duration of 18
years in group 1 (P = 0.004 as compared to initial levels).
Glomerular filtration rate. Glomerular filtration rate was
initially higher in group 1 than in group 2 (P =0.01). After eight
years of follow-up, which is a mean duration of 20 years, the
glomerular filtration rate was decreased in group I but not in
group 2 compared to initial values (P = 0.05). Levels at all
examinations are presented in Figure 4B.
Metabolic control. Hemoglobin A1 was equal in both groups
and was decreased during the study in a parallel way in the two
groups (Fig. 4C). The postprandial blood glucose was also
similar in the two groups (initial values: 16.1 1.0 in group 1 vs.
17.8 0.6 mmol/liter in group 2, P = 0.17).
Blood pressure. Neither systolic nor diastolic blood pressure
differed between the two groups initially. After eight years of
follow-up systolic but not diastolic blood pressure was higher in
group 1 than in group 2 (P = 0.04, Fig. 4D). Systolic blood
pressure tended to rise after eight years of follow-up in group I,
but this was not statistically significant.
Correlation studies
Single correlations: Patients with initially normal albumin
excretion rate. The only initial parameter that correlated to the
dichotomous variable albumin excretion rate above or below 20
jig/mm at final follow-up, was the initial glomerular filtration
rate level (r = 0.35; P = 0.01).
Al/patients. When including patients also with an initial value
of albumin excretion > 20 jig/mm the analysis showed that the
initial values of albumin excretion rate and glomerular filtration
rate correlated to the mean log albumin excretion rate eight
years later (r = 0.32, P = 0.01 and r 0.25, P = 0.04,
respectively). There were no correlations between initial values
of systolic or diastolic blood pressure, hemoglobin A1, blood
glucose 90 minutes after breakfast, age at onset, or duration of
diabetes on one hand and the log albumin excretion rate at final
examination on the other. In addition, there was an inverse
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Fig. 2. Urinary albumin excretion rate, blood
pressure, glomerular filtration rate, and
hemoglobin A1 in 5 patients who developed
overt diabetic nephropathy during follow-up.
Shaded areas indicate normal range.
correlation between the glomerular filtration rate and hemoglo-
bin A1 at the initial investigation (r =
—0.24, P = 0.04). No
correlation between the change in glomerular filtration rate and
the change in hemoglobin A1 between the first and last exam-
ination was found (r = 0.12, P = 0.34).
Multiple regression analysis. In a first step, when including
all patients and regarding the whole range of final log albumin
excretion rate values as the depending variable, the initial
values of glomerular filtration rate and log albumin excretion
rate were the strongest individual predictors. The other param-
eters taken into the regression were: initial hemoglobin A1,
systolic and diastolic blood pressure, age and duration of
diabetes. The regression coefficients in order of entrance into
the regression are presented in Table 2A. The inclusion of
hemoglobin A1ç did not reduce the significance of glomerular
filtration rate as an independent predictor.
In a second step, when only including initially normoalbu-
minuric patients, using a dichotomous outcome variable, that
is, patients having or not having incipient or overt nephropathy
at the final follow-up as the depending variable, only the initial
glomerular filtration rate was an independent and statistically
significant predictor. All variables adding to the regression are
presented in Table 2B.
Discussion
In the present prospective study an increased glomerular
filtration rate was found to be an independent predictor of
combined incipient and overt diabetic nephropathy, also when
standardized for the degree of metabolic control.
The change of method for analysis of glomerular filtration
rate from single injection with inulin to 51Cr-EDTA does not
alter this conclusion. The initial values determined by inulin
clearance, if anything, might have underestimated the glomer-
I.
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Initial glomerular filtration rate
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Fig. 3. Initial glomerular filtration and urinary albumin excretion rate
after 8 years of follow-up in all patients. Patients with initially normal
albumin excretion rate but glomerular filtration rate > 125 mI/mi nIl.73
m2, are indicated with
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ular filtration rate as compared to the values determined by
Cr-EDTA.
Almost half of the patients, however, with glomerular hyper-
filtration did not develop incipient or overt diabetic nephrop-
athy. This implies that an increased glomerular filtration alone
may not be sufficient to induce nephropathy. In addition the
follow-up period in this study was only eight years, and the
mean duration of diabetes at the last examination was 20 years.
On the other hand, only one patient with a glomerular filtration
rate within the normal range acquired nephropathy, that is, a
negative predictive value of 95%. This indicates that an increase
in glomerular filtration is a necessary but not sufficient prereq-
uisite for the development of nephropathy. It is important to
note that the positive as well as the negative predictive values in
this study are only valid in populations with insulin-dependent
diabetes with a mean duration of diabetes of 12 years and a
mean age of 17 years.
Our findings suggest that an elevation in glomerular filtration
rate is seen prior to microalbuminuria (that is, an albumin
excretion rate > 20 xg/min) and may be involved in the
initiation of the process leading to nephropathy. Some experi-
mental studies in diabetic rats support this assumption [13, 25],
while some do not [261. Results from clinical studies have also
been diverging. A report from a five-year follow-up study in 25
matched pairs with and without hyperfiltration failed to show
that increased glomerular filtration rate was associated with the
development of proteinuria. That study, however, presented
only two new cases of microalbuminuria after five years, that
yielded a very low power with a high risk of missing a true
difference [271. A retrospective study including 29 patients with
type 1 diabetes also failed to show an association between
nephropathy and early glomerular hyperfiltration [28]. On the
other hand, two retrospective studies disclosed a predictive
value of glomerular hyperfiltration for development of nephrop-
athy in 24 and 12 insulin-dependent diabetic patients, respec-
tively [14, 15]. It has, however, been argued that this relation
could be due to an indirect association between glomerular
filtration rate and poor metabolic control [29]. Such a con-
founder could be excluded in our study, as glomerular filtration
remained as a strong predictor also when corrected for hemo-
globin A1ç A major influence of improved metabolic control on
the decrease in glomerular filtration rate in the group with
incipient nephropathy could also be excluded as the change in
glomerular filtration and hemoglobin A1,, was not correlated.
Furthermore, there was an inverse correlation between initial
glomerular filtration rate and hemoglobin A1,,. This has earlier
been described in long-standing diabetes (that is, more than 10
years), whereas in short-term diabetes (less than 5 years), there
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Table 2A. Regression coefficients in order of entrance into the
regression predicting the whole range of log-transformed albumin
excretion rate, at 8 years of follow up in all 64 patients
Standardized
regression Two-tailed
Initial coefficients P values
Glomerular filtration rate 0.31 0.02
Log albumin excretion rate 0.27 0.04
Hemoglobin A1 0.18 0.17
Age 0.30 0.15
Systolic blood pressure —0.05 0.69
Duration of diabetes —0.04 0.74
Multiple regression coefficient 0.22, P = 0.029.
is a positive correlation [17]. In the present study, in spite of a
marked improvement in metabolic control, development of
persistent microalbuminuria did occur in more than 30% of the
patients. This does not contradict the widespread concept that
a poor metabolic control is a significant risk factor for the
development of nephropathy [1, 16, 21], at least in the first
decade of diabetes. We were, however, unable to analyze
earlier long-term metabolic control as measurements of hemo-
globin A1 were not introduced until 1979 in our laboratory. All
patients who developed overt nephropathy had an initial hemo-
globin A1> 10%. In addition, both the group which developed
incipient nephropathy and the normoalbuminuric group exhib-
ited a very poor glycemic control initially, which was gradually
improved over the years. However, the mean hemoglobin A1
did not decrease below 7.5% in the group with incipient
nephropathy. The markedly improved degree of metabolic
control in our study could probably be related to increasing
postpubertal age of the patients, introduction of and informa-
tion about hemoglobin A1 [30], but also to an intensified insulin
regime and home blood-glucose monitoring.
This prospective study of the natural history of diabetic
(incipient and overt) nephropathy shows that the increase in
albumin excretion rate seems to precede the rise in blood
pressure. It has been documented that incipient nephropathy is
associated with increasing blood pressure [3 1—331. It is, how-
ever, still under debate whether an increase in blood pressure
precedes the rise in albuminuria. In agreement with our results
blood pressure has been shown not to rise until the albumin
excretion rate has increased above 100 mg/24 hr (69 gImin)
[341. Thus, even if it cannot be questioned that an increased
blood pressure level accelerates the renal damage [35, 36], it
does not seem responsible for the initiation of the renal impair-
ment. This is in agreement with several retrospective studies
[15, 18—20, 22, 37]. A normal initial blood pressure level does
not necessarily contradict that a hereditary predisposition to
hypertension is a contributing factor to the susceptibility for
nephropathy. It has been suggested that parental hypertension
and an increased sodium/lithium countertransport in red blood
cells (a marker for essential hypertension) are risk markers for
future nephropathy [38, 39]. However, recently published re-
sults have failed to confirm these findings [401.
In conclusion, high glomerular filtration rate after more than
eight years of diabetes predicts the development of nephrop-
athy, independently of the degree of metabolic control. The
glomerular hyperfiltration precedes persistent microalbumin-
Table 2B. Regression coefficients predicting the dichotomous
outcome variable of having/not having incipient or overt nephropathy
in patients with initially normal albumin excretion rate (N = 53)
Standardized
Initial
regression
coefficients
Two-tailed
P values
Glomerular filtration rate 0.28 0.04
Duration of diabetes —0.26 0.08
Log albumin excretion rate 0.22 0.13
Blood glucose 0.26 0.10
Hemoglobin A1 —0.18 0.26
Multiple regression coefficient = 0.21, P = 0.048.
uria and seems to be a necessary but not sufficient prerequisite
for the development of diabetic nephropathy.
This prospective study also reveals that an increase in albumin
excretion rate is seen prior to an increase in blood pressure in
patients who develop incipient or overt nephropathy.
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